Graphic Vandalism: Study of the Interaction of Spray Varnishes with Stone Materials and Test of some Antigraffiti Treatments  by Ciliberto, Enrico et al.
 Procedia Chemistry  8 ( 2013 )  165 – 174 
1876-6196 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the IA-CS (Italian Association of Conservation Scientists) and University of Antwerp
doi: 10.1016/j.proche.2013.03.022 
Youth in the Conservation of Cultural Heritage, YOCOCU 2012 
Graphic Vandalism: study of the interaction of spray varnishes 
with stone materials and test of some antigraffiti treatments 
Enrico Cilibertoa, Daniela Maria Battagliaa, Claudia Capelloa, Maria Gattoa, 
 Salvatore La Delfaa*,  
Maurizio Masierib, Giovanni Quartab 
 
a. Department of Chemistry, Catania University , Italy 
Viale Andrea Doria, 6 - 95100 Catania. 
 b. IBAM, Institute of archeological heritage - monuments and sites, Lecce,  
Provinciale Lecce-Montironi  73100 Lecce. 
 Tel: +39 0832 422200. Fax: +39 0832 422225  
 
Abstract 
The debate  on graphic vandalism is recent in Italy and  there are few comprehensive studies on this subject. The graffitism is 
not only an aesthetic damage but a serious and irreversible degradation of the  stone,  by altering its state of preservation in a 
irreversible way. This work approaches the graphic vandalism by following two routes: a) the micro analytical study of the 
interaction of spray varnishes with some stone samples (obtained from Ragusa and Palazzolo (Sicily) lythothypes) and  with 
real stone samples (coming from historical buildings sited in Ortigia-Syracuse); b) the testing of the effectiveness and 
efficiency of some commercial products used to remove the varnish constituents from some stone specimens,  by checking the 
presence of residues onto the analyzed surfaces. In both cases, several micro analytical techniques were used. 
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1. Introduction 
Nowadays  graphic vandalism is a pervasive phenomenon; in fact, especially in the last decades, inscriptions, 
tags, pencils and spray drawin have scarred the public and private buildings without 
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sparing historical and artistic artifacts. Even if the graffitism is appeared with the arrival of the man (we can 
remember the drawings left in the Paleolithic caves),  nowadays it is considered  both  a grave and vandalic threat 
for the architectural heritage and  a form of spontaneous urban art  derived from social and juvenile distress. The 
process of smearing and dirtying the  stone surfaces by using permanent felt tip pens and spray varnishes 
damages them, often  in irreversible way, by altering both  their appearance and  conservation conditions. 
Usually, the graphic vandalism is faced with two types , by consisting in 
removing the graffiti, by using chemical and mechanical tools and trying to minimize the damage in the 
underling layers,  and the preventive protection  by using antigraffiti products, which create a barrier, a 
protection layer, onto the stone surface in order  to block the penetration of the dangerous constituents of  the 
permanent inks and spray varnishes. However, in both cases, it is necessary a preliminary  microanalitical 
characterization in order to define the composition of the varnishes used, the conservation conditions of the stone 
surfaces and for better defining the recovery intervention. This work approaches the graphic vandalism in two 
ways: 1) the microanalitical study of the interaction of spray varnishes with some stone samples (obtained from 
Ragusa and Palazzolo lythotypes) and with real stone samples (coming from historical buildings sited in Ortigia- 
Siracuse); 2) the testing of the effectiveness and efficiency of some antigraffiti products used to remove the 
varnishes  from stone,  by checking the presence of their residues in the analyzed surfaces. In both cases, several 
techniques  were used such as water vapor permeability, mercury porosimetry, contact angle, Environmental 
Scanning Electron Microscopy and microanalysis (ESEM/EDX),  Optical  Microscopy (MO), stereomicroscopy, 
Colorimetry[1-3].  
2. Experimental data   
2.1. Sampling 
Some samples were collected from San Giovannello Bastions, historical buildings sited in Ortigia- Syracuse, by 
following the criteria for minimal invasive sampling. Other samples were prepared by using Ragusa and 
Palazzolo calcarenite stones (Sicily)  with  dimensions of  1 cm x 10 cm x 10cm. The samples, after  a washing  
and a polishing treatment, were dried at 55°C and then placed in a desiccator, according to the standard directives 
(UNI10859). 
 
2.2 Instrumental measurements 
 
The microstructure and the composition of the different samples were investigated using several analytical 
methods such as Optical Microscopy (OM), Environmental Scanning Electron Microscopy (ESEM), Energy 
Dispersive X-ray analysis (EDX) and Fourier Transformed Infrared spectroscopy (FTIR). Samples were also 
investigated  using a VP LEO 1550 SEM instrument with a field emission source and a controlled electron 
energy of 15 keV. The SEM system was equipped with EDX microanalysis. Infrared spectra of the powdered 
samples were recorded on a JASCO FTIR, collecting the spectra with 80 scans at 4 cm-1 resolution and using the 
KBr technique at room temperature. EDX microanalyses of the spray varnishes were performed by depositing 
them on stub holder [3-8]. 
 
3. Result and discussion 
 
This work wants to analyze the interaction of spray varnishes, very dangerous for their strong penetration 
properties, with stone, the material  mostly affected by the phenomenon of graphic vandalism.   
 
3.1. Microanalytical characterization of spray varnishes  
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The spray varnishes, composed by pigments, binder and solvents, allow to realize vandalism in a short time 
thanks to their characteristics. Moreover, the composition favors also the  speed of drying and the complete fixing 
of the product to the support, mainly if it is formed by porous and degraded layers; in fact, the removal operations 
will be so much more difficult as the product will penetrate into the pores of the stones. Therefore, before starting 
the micro analytical studies of the stone samples, it is important and necessary chemically characterize the spray 
varnishes in order to identify the main components.  
Our micro analytical investigations  were accomplished on orange, blue metal and red spray varnishes, selected 
among several commercial products and among different colours available. The EDX spectra carried out on the 
orange spray varnish revealed the presence of bismuth, titanium, vanadium. The blue metal EDX analyses 
revealed the presence of silicon, potassium and copper, which are the constituents of the colored pigments and 
aluminum, the responsible of the shiny appearance. The red EDX spectra showed the presence of silicon, sulfur, 
chlorine, manganese and copper, component of the colored pigments. Moreover, all the EDX spectra acquired on 
orange, blue metal and red spray varnishes  revealed the presence of high amount of carbon and oxygen, the basic 
elements of the organic binder and solvents[9-13]. 
 
3.2. Characterization of the lithotypes for laboratory samples  
 
stone  stone  quarry samples were also analyzed. The choice of these two  lithotypes  
was accomplished because  they are very common and used in the monuments built  in the Syracuse area.  The 
Ragusa stone is  a sedimentary rocks classified, according to the Folk criteria, such as biopelsparite. It includes 
spatic cement and a clastic components, consisting of peloids and a good portion of foraminifera. The Palazzolo 
stone is also a sedimentary stone classified as a sparse or dense biomicrite. It consists of micritic matrix and 
fragments of bioclasts (benthic and planktonic foraminifera, and bivalves). There are also rare fragments of 
 in size) and clusters constituted  of ochre-colored clay. SEM analyses were accomplished on both 
types of stones. The Ragusa stone SEM images  revealed  a consistent and homogeneous  structure and it is 
characterized by a predominant microcrystalline matrix and also by the presence of fragments of bioclastic 
limestone, immersed in the carbonate matrix. The mean dimension  of the fragments of bioclasts is 50 
micrometers. The Palazzolo stone SEM images  revealed that the material has also a homogeneous structure,  
formed mainly of small dimension crystals (about 30-40 m) of lamellar shape, representing the predominant 
micritic limestone matrix. Palazzolo and Ragusa stone EDX spectra  show high amount of calcium, carbon, 
oxygen, magnesium, aluminum, sulfur and chlorine.  Palazzolo stone, moreover, presents a higher content in 
magnesium and aluminum and other elements such as sodium,  silicon, potassium and iron. The average radius of 
pores and the total porosity were determined for the Ragusa stone, the Palazzolo stone and for San Giovannello 
stone samples (no varnish was present in all the samples). The data showed that Ragusa stone  and the San 
Giovannello Bastions stone present similar values of porosity. Moreover, other samples of Ragusa and Palazzolo 
stone  were used to evaluate the water vapor permeability and the static contact angle values, always in absence 
of spray varnishes. Ragusa and Palazzolo stone samples showed contact angle values equals to zero and total 
water imbibition due to the high porosity[14-18]. 
 
3.3 San Giovannello Bastions samples 
 
The fort of Saint Giovannello, erected in the mid-eighteenth century in the reat Harbor  of Syracuse, had the 
task of defending the island towards the open sea (Fig.1). A restoration project, made during the XX century, 
transformed the Bastions by enriching them with arches and ashlar masonry. Today, the fortification is  seriously 
damaged and disfigured because of graphic vandalism: its walls and floors are coated by drawings, colorful tags, 
and other. 
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Fig. 1. (a) Ortigia island in Syracuse; (b)  
 
The sample 1 (fig. 2a) was collected at 0.96 m from the floor. It was covered with two different coloured (yellow 
and green) varnishes. 
 
        
Fig. 2. (a) sample 1 photo; (b) SEM cross section image of sample 1; (c) SEM image in backscattering mode of sample 1 
The O.M. and SEM images (fig.2b and 2c)  show the overlap of the two colored varnishes: the bottom yellow 
layer, adherent to the rock, having the thickness of about 200 m and the external green layer with the thickness 
of about 100 m. The EDX spectra were acquired in the green and yellow areas and are reported in fig. 3a and 
fig. 3b. The  presence of titanium and oxygen elements is related to the adding  in varnishes of titanium oxide as 
a filler. The presence of bismuth and vanadium elements in the green  and yellow areas highlights the use of 
bismuth vanadate, a common pigment used  in applications where high performance is required, due to its very 
bright shade and high tinting strength. Its heat stability is up 200°C and exhibits the goods performance of the 
resistance to solvents, acids, alkalis and SO2. Its light fastness and weather resistance are also excellent on full 
and reduced tones. So the bismuth vanadate yellow can used for high-quality applications such as automotive 
coatings, powder coatings, construction coatings, coil coatings, and vandalism[19-22]. 
 
        
Fig. 3. (a) EDX spectrum of yellow layer; (b) EDX spectrum of yellow layer; (c) Surface SEM image of sample 1 
SEM images were acquired for observing the morphological appearance of the varnish. The figure 3c shows that 
the varnish totally cover the stone surface and it is well cross linked, even if some micro fractures caused by 
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drying process are visible. The drying craquelure arose from an inhomogeneous drying of external and internal 
layers, leading to tensile force that forms irregular cracks in the plastic layers. 
 
The sample 2 (fig.4a) was collected at 0.90 m from the floor and its surface was covered with blue metal varnish. 
The O.M. and the SEM images (fig.4b and fig.4c) show thin metal plates dispersed with a random arrangement in 
the varnish, causing the metalizing effect. 
 
       
 
Fig. 4. (a) sample 2 photo; (b) SEM cross section image of sample 2; (c) SEM image in backscattering (B.S.) mode of sample 2 
EDX analyses were carried out in different areas of the sample (with and without the varnish) and the spectra are 
reported in figures 5a, 5b, 5c. The  spectra show the presence of magnesium, aluminum, silicon, chlorine, 
potassium, calcium and iron. The EDX analyses of a single thin plate show the presence of the peak relative to 
aluminum.  
 
     
Fig. 5. (a) SEM image in B.S. mode; (b) EDX spectrum area with varnish; (c) EDX spectrum area with varnish; (d) Surface SEM image 
 
The external surface SEM image of the of sample 2 (fig.5d) shows a compact layer, free of fractures  if compared 
to the sample 1. 
 
The sample 3 (fig.6a) shows three different (magenta, red and blue) overlapped varnishes that cover the stone 
surface. The OM and SEM images (fig.6b, 6c) reveal the sequence of the three paint layers: the internal very 
thick magenta layer, the blue one 
Some white  particles, in backscattered SEM 
image, are dispersed in the red and blue  layers: the particles show similar chemical composition of the 
investigated area but with a higher content of aluminum, silicon and titanium (fig.6d). 
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Fig. 6. (a) sample 3 photo; (b) SEM cross section image of sample 3; (c) SEM image in backscattering (B.S.) mode; (d) EDX spectrum 
The sample 4 (fig.7a) was collected at 0.42 m from the floor and it is constituted of the stone substrate covered by 
two different (red and black) varnishes,. The OM and SEM images (fig.7b) show the overlapping of the two 
varnish layers and the their penetration into the stone.   
 
   
Fig. 7. (a) sample 4 photo; (b) SEM cross section image of sample 4 
The  red and black layers EDX spectra were also acquired and are shown in fig. 8.  
 
         
Fig. 8. (a) SEM image in backscattering (B.S.) mode; (b) EDX spectrum of red layer; (c) EDX spectrum of black layer; 
Samples prepared in laboratory: water vapor permeability and contact angle measurements  
 
The water vapor permeability measurements were carried out on samples prepared in laboratory. Twelve samples  
were stained with acrylic orange spray varnishes  in order to determine the impact of spray varnishes on the 
reduction of water vapor permeability values for Ragusa and Palazzolo stones. Each group of samples (Ragusa 
and Palazzolo sample groups) was divided in two subgroups: three samples with only one layer of spray varnish 
and three samples with a double layer of  varnish because of the graffiti of the monuments could be formed from 
an overlapping of varnishes. The water vapor permeability variation percentages were calculated with respect to 
the untreated samples. For the Ragusa samples, the data show that the presence of one layer of varnish reduce the 
water vapor permeability of about 37%, while the presence of two layer of varnishes reduces the water vapor 
permeability  values of 40%; in the case of  Palazzolo stone samples, similar permeability variation was observed 
when  only one layer of varnish was present, while the water vapor permeability value was reduced of about 60%  
in presence of two layers of varnish. The contact angle measurements were also carried out on Ragusa and 
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Palazzolo stone samples, stained in laboratory with acrylic orange spray varnish. Ten samples were analyzed for 
a total of thirty measurements. For each group  was calculated the contact angle mean value and the respective 
standard deviation. By comparing the contact angles of untreated and treated samples, it is clear that the presence
of the varnish greatly increases the angle value[23,24].
Testing of antigraffiti products
The second part of the work faced the testing of the effectiveness and efficiency of some products used to remove 
the varnishes from the stone. Four samples were prepared  for each type of stone and they were cleaned with two 
different commercial cleaner products: that  is a gray and dense paste and liquid cleaner that 
is  a yellow liquid. After the application of the cleaner, the samples were washed with neutral detergent and
rinsed with enough deionised water. Finally,  the samples were dried at room temperature (fig.9).
Fig. 9. (a), (b), (c), (d) Preparation e cleaning treatment of laboratory stone samples
In the case of Ragusa stone the OM and ESEM/EDX analyses reveal that the surfaces of the two samples cleaned
with the liquid cleaner product and of the two Ragusa samples cleaned with the pasta cleaner product show the
presence of some residues, even if for the last two stone samples the presence of the residues is localized and
visible only in limited areas. Before the cleaning procedure, no varnish was observed on the inner layer of stone
samples, revealing the  poor penetration of the varnish, probably due to the low size of the pores (fig.10).
Fig. 10. (a) O.M. image sample cleaned with liquid cleaner product; (b) SEM image sample cleaned with liquid cleaner product; (c) O.M. 
image sample cleaned with pasta cleaner product; (d) SEM image sample cleaned with pasta cleaner product
The Palazzolo stone is very porous, as observed with OM and ESEM cross section images, and the varnish can 
penetrate until 100 m of depth.  The OM/SEM images of the surfaces of the two Palazzolo samples cleaned with
liquid cleaner product and for the two Palazzolo samples cleaned with pasta cleaner product show that, after the
step of cleaning, the surface of the samples have still residues, although in lesser concentrations than samples
cleaned with liquid cleaner product. Moreover, high amount of residues are visible in the inner layer of the stone
until a depth of 50 m (fig.11).
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Fig. 11. (a) O.M. image sample cleaned with liquid cleaner product; (b) SEM image sample cleaned with liquid cleaner product; (c) O.M.
image sample cleaned with pasta cleaner product; (d) SEM image sample cleaned with pasta cleaner product
The static contact angle values relative to each sample before and after treatment with spray varnish, and after
cleaning procedure were measured. It was observed that: a) the stone samples with the varnish, have  contact
angles greater than 90° (the varnish makes the stone non-wettable); c) after cleaning with the liquid cleaner  the
contact angles are equal to zero except for the group RG1 ( liquid cleaner treatment), where the values were
about 50°. In order to justify these data it is necessary, however, to underline that a zero value of contact angle
can be related  both to the absence of varnish (and to the to effectiveness of anti-graffiti products) and to the 
porosity of the stone under analyses.
Colorimetric measurements were also accomplished in order to determine the color difference E and therefore
the effectiveness of the cleaning treatment (depending on the presence of varnish residues that could be
responsible for the variations of the colorimetric coordinates). Since the colorimetric analyses  were performed
with a in situ methodology, the values corresponding to E, a*, b* and L* can be read only in qualitative
mode. The colorimetric measurements were performed before and after staining the spray varnishes, and after the
cleaning  procedure with the products pasta cleaner and liquid cleaner . 30 measurements were accomplished
for each Ragusa and Palazzolo stone sample. For Ragusa s
even if  the OM and SEM/EDX analyses highlighted the presence of varnish residues. For Palazzolo stone the
residues onto the stone surface for stone samples treated with the liquid cleaner (fig.12).
Fig. 12. (a) Colorimetric measurements of Palazzolo stone samples; (b) Colorimetric measurements of Ragusa stone samples
4. Conclusion
This work has allowed to evaluate the changes in the physical-chemical properties of Ragusa and Palazzolo
stones, caused by the application of spray varnishes. The vandalism is not only an aesthetic damage but a serious
and irreversible weathering of the  stone,  by altering the state of preservation in a irreversible way. The results
obtained from experiments can be summarized in two points: a) The hydro repellence increases if the stone is
covered with a spray varnish. This is related to the contact angle raise. In fact, in absence of varnish, it was not
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possible to determine the static contact angle both for Ragusa and Palazzolo stones, because of the rapid 
absorption of the water drops by the samples (high wettability). The treated samples with varnish, however, show 
the angles of contact greater than 90°. The wettability is, therefore, drastically reduced and the surfaces have 
developed a good water repellency;  b) water vapor permeability decrease, due to the presence of varnish. For the 
Ragusa stone, the values of the water vapor permeability changes are of the 37% with only one varnish layer and 
40% with two varnish layers. Similar results were obtained for Palazzolo samples; c) it was observed that the 
product anti-graffito more effective for the removal of spray varnish was a commercial product  that is called  
cleaner  paste . The lithotype that best responds to graffiti cleaning products is the Ragusa stone. The porosity of 
the material promotes the penetration of the varnish inside the stone. Therefore, the Palazzolo stone (more porous 
than the Ragusa one), shows greater resistance to the cleaning and the removal of spray varnish. So, the 
vandalism acts as graffiti, tags, dedications, or stencils deface the cultural heritage, changing the outward 
appearance but, overall, altering the physical-chemical characteristics and the fragile equilibrium between stone 
and environment. In this way, the layers of spray varnishes that cover stone surface promote the retention of 
fluids by causing the weathering phenomena due to hydration and crypto-crystallization of salts and amplifying 
the effects such as sub-efflorescence, cracking, disintegration, detachment, alveolization, visible, for example,  on 
the surface of the Bastion of San Giovannello in Syracuse. It should also be noted that, in any case, the cleaning 
and restoration procedures required a preliminary knowledge of chemical-physical nature of the stones and of the 
spray varnish components. The work will continue with the identification and the testing of  other  suitable 
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